In vitro osteoinductive effects of hydroxycholesterol on human adipose-derived stem cells are mediated through the hedgehog signaling pathway.
Human adipose-derived stem cells have been identified as a potential source of cells for use in bone tissue engineering because of their ready availability, ease of harvest, and susceptibility to osteogenic induction. The authors have previously demonstrated the ability of an osteogenic molecule called hydroxycholesterol, an oxidative derivative of cholesterol, to induce osteogenic differentiation in pluripotent murine and rabbit bone marrow stromal cells. In this study, the authors examine the ability of hydroxycholesterol to induce osteogenesis in human adipose-derived stem cells. Human adipose-derived stem cells were isolated from raw human lipoaspirates through standard isolation and expansion of the stromal vascular fraction. Cells were plated onto tissue culture plates in control medium and harvested between passages 2 and 3, incubated with conventional osteogenic media, and treated with various concentrations (1, 5, and 10 μM) of the 20(S) analogue of hydroxycholesterol. Evaluation of cellular osteogenic activity was performed. The role of the hedgehog signaling pathway in hydroxycholesterol-mediated osteogenesis was evaluated by hedgehog inhibition assays. Alkaline phosphatase activity, bone-related gene expression, and mineralization were all significantly increased in cultures of human adipose-derived stem cells treated with 5 μM of 20(S)-hydroxycholesterol relative to controls. In addition, induction of hydroxycholesterol-mediated osteogenesis was mitigated by the addition of the hedgehog pathway inhibitor to cell cultures, implicating the hedgehog signaling pathway in the osteogenic mechanism on human adipose-derived stem cells by hydroxycholesterol. These in vitro studies demonstrate that hydroxycholesterol exerts an osteoinductive influence on human adipose-derived stem cells and that these effects are mediated at least in part through the hedgehog signaling pathway.